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Summaý.*he flow in a round jet issuing from an orifice in the same direction as a general external stream, is
investigated theoreticaly s as xxtension of the problem of a jet issuing into still air. The flow in the upstream
part of the jet'(Reion A of Fi , i whiha.oae of fud f unifonn velocity exists, and the flow in the downstream

or developed part of the jet -Rigion B of Fig. 14, are investigated separately: the solutions fitted together at the
section at which the core disappears. The deviation of the outside stream due to inflow into the jet is also considered.
Numerical solutions are derived for several values of the ratio of jet exit velocity to stream velocity.r-
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1. Infroducion.-The problem of the flow in a round jet, when the air surrounding the jet
"i3 at rest, has been fully investigatedtLt 2. The flow in and near a jet with an external stream
parallel to the jet axis is considered in the present report, with special reference to the inflow
rinduced outside the jet. The fluid is assumed to be incompressile but the application to jets

of heated or compressible fluids is briefly considered in para. 7.

. The jet is assumed to have a uniform velocity over its cross-section at the nozzle exit. Mixing
with the outside stream occurs at the edge of the jet, and the diameter of the central core of
fluid of uniform velocity decreases with distance downstream, the core eventually dis-
appearing altogether. Downstream of the apex of the core the velocity on the jet axis
begins to fall and finally a quasi-steady state is reached for which the velocity profiles at all
sections are similar.
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The presence of the external stream makes the problem more complicated than for a jet wvith
the surrounding air at rest, and the method of solution has been simplified by specifying a shape
for the velocity distribution across the jet at all normal sections. For the first part of the jet,
in which a core of undisturbed fluid exists, the radius of the core and the external radius of the
jet are determined from the equations of motion, and after the eore has disappeared the velocity
on the axis and the jet radius are determined in the same way. The two solutions are then
joined by making the velocity and radius continuous at the section containing the apex the
core, and in this way a complete picture of the development of the jet is obtained.

The flow in the mixing region is assumed to be turbulent and the shear stress is determined
by application of the momentum transfer theory. Reichardt's criticisms 3 of this theory do not
apply to the present application, as it is not used to determine the shape of the velocity
distribution curve; it would be possible to present the theory in Reichardt's foim, but the
momentum transfer theory has been retained on account of its greater familiarity.

2. Nolation.-The following notation, illustrated in Fig. 1, mill be used

FI..-Daga iutatgNtain
SJ E

FIG. 1I-Diagram illustrating lNotation.

x Distance from jet exit along axis of jet.
r Distance from jet axis.
a Radius of jet at exit.
ro Radius of outer boundary of jet.
rt Radius of inner boundary of mixing region, i.e. radius of core.
Uo Suiearn velocity.
U1  Jet exit velocity.
I UJU1
U Excess velocity on jet axis over stream velocity (after disappearance of core).
u Velocity parallel to jet axis at point (z. r).
V Velocity normal to jet axis at point (z, r).
v Stokes's stream function for flow outside the jet.
M Jet momentum/2a.
P Stream density.
T Shear stress.
i Mixing length.
c Mixing length parameter.
0AR a81Defined in Fig. 12 (Appendix Ill).

ThiW requie that the radial c vocity into the mixing region frm the c shaol ew e ish and is prbably not
exacy true.
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3
3. Floi" ina Region Near Jet Exit.--In this paragraph the flow in the part of the jet which

contains a core of fluid of uniform velocity (Region A of Fig. 1) will be considered. At the
jet exit, which is a circle of radius a, the jet has a uniforio, axial velocity U,. It will be assumed
that the pressure variations in and near the jet can be neglected and that the velocity throughout
the central core is constant*.

The momentum equation for the flow across a circle of radius r, whose plane is normal to the
jet axis and at a distance x from the exit, has the form (Ref. 4, p. 133)

2 f' a l
-Zl_ dr - i dax--T0 .. . -. .. (1)

where u is the mean axial velocity at the point (x, r) and - is the shear stress in the axial
'direction at (x, r) due to turbulent mixing.

The assumed axial velocity distribution in the mixing region is given by the equation

4 U ) -- cos (Cr0- _)], • .. .. (2)

and is shown in Fig. 2, where U. is the external stream velocity and r0, r1 , are respectively the
external and internal radii of the mixing region at the station x.

_ _ _ _ _V.

FIG. 2-Velocity Distribution across Jet in Region A. (Eqn. 2).

The usual formula for the shear stress, on the momentum transfer theory of turbulent flow
(Ref. 4, p. 207), is

and this formula will be ado pted. Here I stands for the mixing length, which will be assumed
to be proportional to the width of the mixing region: we therefore put

I= c (r. - )), . (4)

where c is a constant, characteristic of turbulent motion for the problem under consideration.

Hence -=- Pcs(r, ( ) . .((.-.(5)

The quantities r. and rw il be determined by satisfying equation (1), with a and T given
by (2) and (5), at two positions. The first position is at the outer boundary of the jet r =r.
where = 0 and u= Ue so that equation ý1) becomes

-fopr (o- Uý dr 0. -£

Mum.1
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This equation is integrated and the constant of integration determined from the conditions at
the jet exit. We obtain

az

'Op,,(,, - U.) d -= 3f pU1 (Ul - Uo), ... .. . (6)

where a is the radius of the jet at the exit. The constant M is proportional to the jet thrust,
which is equal to 2nM when the fluid is taken in from the stream; but if the fluid is supplied
by other means the jet thrust is increased by the source thrust of the added fluid.

The second position at which equation (1) will be satisfied is half-way across the mixing

region, where r =- + rl At this position, from equation (2),

It = Uo + U, a_ o__ ,

so that equation (5) gives 2 v r

C 2' AL(U - Uo).

With these expressions equation (1) becomes
2 ',o+%/ /i , U0  U a

ru U - U + U I p~C -(U ýL [4U )2(r0  + ri) (7)
The next step is to substitute the form (2) for the velocity u into the momentum equations (6)
and (7). The integrals occurring can be evaluated without difficulty and (6) and (7) reduce to

a1 rl 2 + 2a, r, r,+ao r-=a .. .. ..r.. (8)

d [Al r2 ±,, 2A rP + A0 rot] B(r,, + r.), ). . (9jwhere a) a25;. ao-2(3 + I

16 -, A 1, 16 +9 2

4 - l A- l+a 5 + +3A B2
and A stands for the velocity ratio UJU1.

The development of the jet up to the disappearance of the core is determined by the
equations (8) and (9) together with the conditionsr 9 =r = a at the jet exit z = 0. Solutions
have been derived by the method given in Appendix I for values of a, the ratio of the stream
velocity to the jet exit velocity, of 0 0 125, 0-25, 0-5 and 0-75. The results are given in
Tables 1-5 and in Fig. 3. which also shows the solution derived by Kuethe' for I = 0 by a more
elaborate method; the agreement with Kuethe's sobtion is fairly good and this gives confidence
that the approximations introduced are reasonable.

4. Flow in Me Detedo Jet-After the central core of uniform velocity has disappeared
due to the inward spread of the turbulent mixing region, the velocity on the axis starts to fall
and further downstream the velocity distribution across a section of the jet settles down to
a steady shape. No attempt will be made to allow for the variation of the shape of the velecity
dstrinbution.

• ;'a
i .. ,,l .___. -., - - - - - - - -.rm" _ __
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-~~Fc -- c Bound---$Areies.ý4

-rormula

aloshw in Fig 4, sa cosIrd Te lat er 0or ) roabl 1e1rsens th Woret hp

I fet onl the gsuenerhal de xilvelopmntofthe aet, and sethen cacltons wtth detelopednot bdiscussbted

where r(, is thFIj. rai s- n tevelocity on t heut~ axias etis O+U whgi ch B. l ihinraeo
dithne doearstress. Tue totublent mistingtion given asbefr by0 (3) butw the miing4 lengt addisin

now gleraiven by oiy itibt

.. +. U..4Y1 (10a)

behtch isothainted forome (4) byrg pusttince froqua toe exibtro.hnews on ohaeltl
efeto h eea eeomn ftejt ndtecluain ihi ilntb icse
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The momentum equation (1) is still valid and equation (6) for the total momentum still holds

in the form

f 0 pr ,u (i M, .. =3 (12)

but with u now given by (10)_ In addition to satisfying this, we shall satisfy (1) at the half-
radius r - r,/2, at which, from (10),

U •u nU

U- U0+ U au2 Ur2r0

qnd, from (3) and (11), -- C2U2.
P 4

Substituting these expressions in (1) givesf± 'p 2d (Uo + U)d
- Jo pr uax U ' pr u d -- n-pc2U, ro. • (13)

0 0

Equations (12) and (13), with u gi-ven by (10), are sufficient to determine the variation of r0.the jet radius, and U, the excess velocity on the axis, with distance downstream. Evaluation
of the integrals involved leads to the equations

p U r02(0. 1486 U0 + 0.0861 U) = M, .. (14)
U (0.0578 U + 0.0476 U) + .-d--(0 -0914UO+ 0 0933U) I.- 234 0-U. (15)

ixx

Next, r. is eliminated from (14) and (15), and a differential equation obtained for U

dU [. U U)- (0" 1486 Uo 1+ 0  1722 U) (0"0578 Uo + 0"0476]U)
2(0-1486 Uo + 0-0861U)

1 I- 234 0' U" (0. 1486 Uo + O.0861 U)112.
(M/p)'11

If we put UJU = z, this equation becomes, oa reduction,

dz (0-0626 z+0 0458) r + (0 0-0012z z
(0. 1486 z + 0.0861)"t 1 - T0.1486 z + 0-0861) (0-0626 z + 0-0458)

1"234 c0 Uo
-(M/P,)li (16)

The integration of this equation is greatly simplified if an approximation to the term in
square brackets on the left-hand side is taken. This term is equal to unity for z = 0 and tendsto unity as z tends to infinity, having a maximum value of 1.05 at z = 0-7. A mean valueof 1.04 has been adopted for it and, with this simplification, equation (16) becomes

dz (z + 0-732) 7-31 CaU, (17)
Z ( + 0"579 =1 "(M/p)" " . ...

which integrates to

(z + 0-579)112(0.667 z + 0-690) - 31 c + U__ +. .1

__I•p=, + • . . . m
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The next step is to link this solution with the solution with the central core, already derived

in paia. 3. We note first that, from (6),

4["I [ U, ,a];2)2.-i== - -Uo (.,if,), 0  L' 2 (U, Uo)a2j', (! "__1-,2 i

Al;o. from para. 3 and Fig. 3, the distance from the jet exit of the point of disappearance of
the core is given byi i _~c --x =

a
\where b is a numlrer which depends upon the velocity ratio at this point z = U0  J U0

A Substituting these values in (18) fixes the constant of integration, and this equation

becomes (L0 )1( U0  ___._..,,2 066 -(' O-667,,UoY +c- U .690 579)"am 2, f -• -690)0L + -579 .6 . .9 ;

-- 31 (-F ,.-) ( b).
Equation (19) dete.miines the variation of U, the excess velocity on the axis, ,Aith distance

downstream ; when U is known, the jet radius r. is given by (14). There is necessarily a smoothjoin in the jet radius and velocity at the junction of the two solutions because of the forms (2)
and (10) adopted for the Nelocitv distribution-, which become the same when r, is put equal to
zero in (2).

Calculations of the solutions of (19) and (14) have been made for the same values* of 2 asb hefore, viz., 0, 0- 125, 0-25, and 0-5, up to c-x/a equal to 0-4. These are given in Tables 2, 3, 4
and Figs. 5A, 5B and 6, which show the jet boundaries, the velocity on the axis, and the rate of
spread of ~he surface on which the velocity is half-way between the streamn velocity and the
velocity on the axis at the same value of x. It is worth noting here that the outer boundary* of the jet, which is difficult to define experimentally, may really be slightly wider than that
calculated, because the actual velocity falls rather more slowly at the jet edge than the calculated
distribution. For this reason the "half-velocity" line (Fig. 6), should be more reliable as an
indication of the jet width.I; sC _._

iI,, .A.5

Ur:. 5&-Va, o A.

A t= 0,.5 was omitted.
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FiG. 6-Half-Velocity Lins

5,. Deternnna ion~ of Wh Parainaeler c2.- Up to this pint the mixng length parameter c defined
in equations (4) and (11) has been left undetermined This has been done to keep the analysis
as general as possible. But, before proceeding writh the calculation of the inflow from outside
the jet, it is convenient to select a value. We shall take 02 == 0-0067. this value being derived
from experimental data on the spread of a jet issuing from a small orifice in still air ; the analsn
leading to this is given in Appendix 11. This value is to be compared with Kuethe's v~-
of 0-00497 obtained from comparison between theory and experiment for region A of a jet
issuing into still air.
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Afv,: the calculations described below had been finished, the above discrepancy in the
Ixpcrimnental data was reconsidered, and it is now thought possible that different values of c2

apply in regions A and B. In practice c0 may rise from about 0-005 in region A to 00067 in
regio ,V, over a transition region downstream of the core apex.

6. Infqow Outside the Jd.-The flow inside the jet is determined by the above analysis when
C: has been specified. The mass flow across each section of the jet can be calculated, and is
found to increase more rapidly than the increase provided by the natural inflow into the growing
jet from the external stream the jet thus induces an inflow towards itself. To do this, the
pres;ure inside the jet must be lower than in the free stream and this appears to be in contra-
diction to the previous assumption of uniform pressure; it has, however, been shown by Tollmien'
that this reduction in pressure is extremely small for a jet issuing into fluid at rest.

The next step is to calculate the inflow induced at all points near the jet. This is done in
two stages ; the first is based on the assumption that the inflow is purely radial, and the second
stage is the correction of the first to allow for the interaction of the flow at neighbouring
sections.

If v is the outward radial component of velocity at the point (x, r) and p is Stokes's stream
function for the motion, we have

f r rudr, -x= rv .... .. .. (20)

For region A we substitute for u from (2) into this integral and obtain, for , > ro.

Irr,2 + rol (r, - r,)'] Ud"

'= (Ul -- UO) J 0r 2

"cx-= (LU -4 dr

For region B we substitute from (10) and obtain, for r > r.,

IF = 0O 1486 Ur•2 + U2rl
2

-- = 0-1 48 6 A (U .) (22)
axz dx

This last fo)rmula can be reduced by use of (14) and (17) to

"a 4.24c' (23)
Sx (z+ 0-732) (z + O-5•79) 3 12

where, as before, z staids for U4U.

Equations (21) and. (23) yield values of the inflow velocity

_ Ia

which, taken as they stand, correspond to the radial flow at each section of the jet being
independent of the flow in other sections : this is a ximately true very dose to the boundary
of the iing region but s quite invalid at Iarle distances from the jet axis. The actual flow
outside the jet can be regarded as closely equivalent to that produced by a system of sinks
along the jet axis, of strength sufficient to secure the inflow at the edge of the jet indicated by

SA2
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the above formulae. This system of sinks has a strength per unit length proportional to LIP
ax

which is given by ('2I) and (23) ; numerical valute vf .- - are given in Tables 2-4 and
-a U, xc

in Fig. 7, for the various jets considered.

$ I I.. .

FiG. 7-Sink Strength along Axis of Jet.

It %%ill be seen that there is a discontinuity in sink strength at the point of disappearance
of the core ; this is associated with the discontinuity of the rate of growth of the outer boundary
of the jet there, and is a defect in the solution which, however, is only significant in the
immediate neighbourhood of the jet edge at this particular section.

It is next required to find the inflow velocities* associated with the sink distributions shown
in Fig. 7. This is a problem which is not amenable to analytical treatment and it has been
solved by breaking up the jet axis into lengths over which the sink strength can be taken to be
linear, and summing the contributions of each linear section at a large number of points, The
details of this calculation are given in Appendix I11.

Calculations were made for 0 =- 0-0067 and for ratios of the stream velocity to the jet exit
velocity •. -125, 0-25 and 0-5. The results are presented in Figs. 8-11, which give contours
of the angular deviation (in degrees) of the outer stream towards the jet axis ; for other velocity
ratios the stream deviation at any point can be quickly determined by interpolation.

The results of similar inflow calculations made for A = 0 -25, c2 = 0-005 are given in Fig. I 1
for comparison with Fig. 9 ; the angle of inflow is slightly decreased by decrease of c2.

7. Application to Jets of Compressible or Heated Fluid.-The solution of the corresponding
problem for a jet of compressible or heated fluid is more complicated, as the energy equation
would have to be satisfied as well as the momentum equation. It would therefore be convenient
if an " equivalent" jet of incompressible fluid could be determined for which the inflow was the
same as for a real jet of heated fluid.

Since the jet momentum- M (equation (6) and (12)) is maintained for all sections, although
the density, temperature and velocity of a hot jet will vary, it seems probable that an equivalent
jet of incompressible fluid would be such as to have the same value of the exit momentum M,
as defined by equation (6).

stream he rai Cumpaots e requred Tb. aXi COaPwts am neftibie i cmpori wih the

stu I-dy
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APPENDIX I

Solutions of Equations (8) and (9)
The equations are

an r" + 2alo r, ro + a0r 0
2o- a", (8)

d [A 11 r + 2A41 r ro + A roo] = B(r1 + ro). (9)dx

From (8) d _a,,rY - a,,r,

dr= anr,+ a±oro

dx r1 2A+ A,0 0  .ro) dr

and from (9) B(,, + to) dx 2(Ar, +- A3r 2(Alorj + A00ro)"

Elimination of dr gve

B d- = Y12(al Ao - a,0 A) + rr,(alA1 , - a,,A11 ) + ret(al9A2 c. -- aw4o)
2 r(aat11  + aloro)(r, + ro)

= o(, + o + otsro 24
C,+a,,rl + aleo + rl. + ro (24-)Q•) eQ o

41 Ao -0- al8A I (antAo -- a,,Al)(attaý -- al•__w h e r e M l a l ,1 ( 1 ---- )

a,,(A1, - Af) + a1 *(A., - A 1l) + age(A 1 -- A10)

(a,, - all)

Also, from (8),

a,,r, + a,,Y, 1 a2 a,, - r02(a00a11 - al.2)]1 2

a11(r, + . r,) - T(a,, - a,,) + Vajo2r° + all(a' - aW92)

S r(an - aN) + VA - - an' + anawa + at a,,.

.4-LA



Using these expressions integration of (24) gives

0-5 Bx - m~r0 - oz2 Val-a 1-, r 0
2 (a~a I - a 102)

-,a, ajq2

± 13 a0  a,1r~dr, (25)
Irdal, -a,,) 11- Y0

2(a 1aoo -a1 0
2)

T o evaluate the last integral let

JT0 (al, -~7 a,) /a-la2 -r02alao ao2

rodrc __

where co = all ____2______

(a,, - a1o) '(a,,- 1  l)

and C2= a, 1a, - a,. 2 -

(a,, - a1)

Then, rationalising the denominator,- -

C J r,(ro. -VC, 2 -C~rjdro = c0(11 + Iý
where '1 2 dt 0  f 12 -%[ / VC,2 - C90O dr,
w h r I ,r , + ý C J2 r , 2( I + Q, - C 2

We have f 2+ =C dr,

To evaluate I,, put c12 - cir ,2 =2O so that

it VCZ f(I +c)Re$- I 2c

--. I T ±c.+ cij V'ci)]

CI (I + ca C1
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Hence,

"20 + CO 2 C 2 (r/ 1 +C--..-C1  I + C,(C1' - Cr. 2 )112/C,]

'With this value of I, x is given as a function of ro by (25) and r, as a function of ro by (8).

APPENDIX II

Determination of 0 from Measured Rate of Spread of a jet in Still Air

Experimental data obtained from tests made at the R.A.E. on the rate of spread of a
jet issuing from a small orifice in still air show that the jet spreads conically. The cone on
which the velocity is equal ..o half the velocity on the jet axis was found to have a semi-angle
of 5 degrees.

With the cosine velocity distribution adopted (equation (10)) this gives
Y'/2 =- x tan 5", i.e. ro = 0- 175x. . . ... (26)

For zero stream velocity (14) and (15) become

0-0861 pUo• 7• = M,

0"0476 U2- dr +0-0933 Ur. dUx I -234 C2U2.dx 0 dx

Elimination of U between these equations leads to

=r' 27 -O0c0
dx

and hence, from (26),
I2= 0.0065.

The accuracy of the experimental data is not sufficient to distinguish between an angular spread
of 5 deg. and 5-1 deg., and a value of ct = 0-0067 has been adopted as the calculations were
a little simpler with this value.

The approximate form assumed for the velocity distribution will give the jet radius rather
less than the actual value, which is difficult to specify exactly.

I ~a)
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APPENDIX III
Der,,ination of Infloz; Velocity from the Axial Sink Distribution

As stated in para. 6, the inflow velocities corresponding to the sink distributions of Fig. 7
* were determined by breaking up the latter into sections, along each of which the sink strength
* • could be treated as linear. We therefore require formulae to determine the inflow velocity
* for a linear source distribution of any length; this in turn is easily determined if the velocity

fields of (a) a uniform source distribution of unit strength between the points A (- 1.0) and
B (+ 1,0), and (b) a source distribution from A to B of strength proportional to the distance
from the origin, can be calculated.

* For case (a) the stream function is 5

" ' e t, tit _

I FIG. 12. Notation used in AppendLx III.

[ +_______(_2___ -L ( f).2_+

2n (z + 1)d (x-x Tr2 + (x + 1)2 - ! + (x - 1)2
and ___ (x +l) _ (x- l)

Sand -U~X-- V'r2 +(x+_ 1)2-- V'r2+(x-1)2"

cos 0, + cos 0 (27)
~ ! where 04 and 0, are defined in Fig. 12.

I For case (b) [rl ) de3 * [.- r+x-~iiVT2 + (X- )1 d+ Vy" +d {,-1 2 + Vr_ +1 ,(Z2,f

so that [+- +
v- (x -) V- ¥, + _ __+ + T _ZT1_2 - V',+ -_)

.(RA--cos0,)-(Ra os- ,) .o.. .0 (28)

The radial velocity v is equak- to - I-so that -is the quantity which we require to

determine. From (27) •nd (28) contours of equal values of 8v/Sz for the two standard source
distributions were drawn. With tbh aid of these the contribution of any set of liner sourme
distributions to the value of ?,v/Ox could be determined in a straightforward manner by

S summation.

f , _ _ _ _ _ _ _ _ _

p
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TABLE I

Stream Velocity Zero. A = 0

Distance from R f e Rdius of core Velocity on axis Half-velocity
jet exit Exit velocity line

Region .4
C2X rerU re -+ rz

a a a L2a

0-01 1-34 0-79 1-07
0-02 1-68 0-56 1.0 1-12
0-03 2-02 0.31 1-17
0-0408 2-41 0 1-21

Region B
C ?X e U Le
a a U, 2!a

0-0408 2-41 1 1-21
0-06 2-92 0-83 1-46
0.08 3-46 1 0-70 1-73
010 4-00 0-60 2-00
0-12 4-54 0-53 2-27
0-14 5-08 0-48 2-54
0-16 5-62 0-43 2-81
0-18 6-16 0-39 3-08
0-20 6-70 0-36 3-35
0-22 7-24 0-33 3-62
0-24 7-78 0-31 3-89
0-26 8-32 0-29 4-16
0-26 8-86 0,27 4-43
0-30 9-40 0-255 4-70

0-32 9.94 0-24 4-97
0"34 10-48 0-23 5-24
0-36 11-02 0-22 5-51
0-38 114-56 C-21 5-78
0-40 12-10 0-20 6-05

4-|
_ ...--.- .~ j,
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TABLE 2

Jet Exit Velocity 8. A 0 -125.
Stream Velocity

Distance f Radius of jet Radius of core Velocity on ax'Si Half-velocity Axial sink
jet exit Stream line strength

Isranvelocity,!

Region A i I
C1z re r,±~ re +

a a 2a avc' ax

0 1-00 -0 o 100 . 4-05
0-01 1-25 0-83 1,04 4-40o "02I- S 0.- o65 s.0 !.oW 4-780.03 1.76 0-47 1.11 5.13
0-04 2-02 0-26 1-14 5-51

0-0514 2-31 0 1 1,16 6

Regio" B U

V, U -S aIC ax

0-05141 2-31 8 -00 1-21 S 21
0.06 2-49 7.34 1-25 5-0O,
0.08 2-87 6.39 1-43 4.60
0-10 3-21 5-75 1-O0 4-28
0,12 3-55 5-27 1-78 3-98
0-14 3-89 4-89 1-94 3-60
O'g°3 4"22 4-S3 2-11 3-43

0-18 4-54 4-24 2-27 3-20
0.20 4-83 4"00 2-42 2.9"
0-"22 5-11 3-79 2-56 2-81
0-24 5-37 3-62 2-69 2-65
0-26 5-64 3-45 2-83 2-51
0-28 j 5-90 3-30 2-95 2-38
0-30 6-17 3-16 3-08 2-24
0.32 6-42 3-07 3.2- 2-13
0-34 6-65 3-00 3.32 2.03
0.3___ 6-87 2_9 3-44 •_ _ .- 94
0.38 7-09 2-84 355 1.84
0-403 7-3D 2-75 3-65 1-74

Sii
I! I
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TABLE 3

- Exit Velocity - 0. o25.
Stream Vdocily

Distance from oVelocity on axis. Hall-velocity i Axial sink S•R adius of jet R adiu s of c areli es r n t
jet exit Stream velocity line strength

Region A
cIX _e F, r0+,

a a a UIC' ex

0 1 1 1 2-290-02 1-38 0-73 1.05 2.54
0.04 1-76 0-42 4-0 1-09 2-79

0-06 2-14 0-08 1-11 3-04
0-0639 2-21 0 1-11 3-09

Region B

'0"8tz 2"4 3" I "2__5a a U,2 aUlca ax

0-0639 1 2*21 4 I 1-11 2-80
0-08 2-43 3-67 1-22 2-51

010 2-70 3-41-35 2-22
0-12 2-96 3- 0 1-48 1-98
0-14 3-19 2-Iit 1-60 1-76
0-16 3-41 2-73 1-70 I-so
0.18 3-61 2-60 1-80 1.44
0-20 3-82 2-49 1-91 1-31
0-22 4-01 2-38 2-01 1-2D
0-24 4-30 2,3 2-10 1,10
0-24 4-38 2-03 2-1 1I02
0-28 4-55 2-16 2-28 0-94
0-30 4-72 2-10 2-36 0-88
0-32 4,87 2.05 2-44 0-82
0-34 5-03 2-00 2-52 0-76
0-36 5,18 1-97 2-59 0-71
0-38 5,32 I-"so 2-66 0-67
0-40 S-45 1-9D 2-73 0-0

I.

-- t~3-
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TABLE -4

Jd Exit Velocity = 2. ;.O0-5.
Strean Velocity

Distance fromelocitv Axial sink
Distancexit fr Radius of jet Radius of coree e a tllfrengyh
jet exit Stream elocitv line strength

Region A
i -- re_• f ro_ r + r, 1I•

a a 2. aUI• WX

0 1 1 0-566
0"02 -1.20 0"84 1"02 0-5880-04 1.40 0-67 !1.014 0-605

0-06 1.60 0-49 2-0 1-05 0.622
0-08 1-79 0-31 1-05 0-635
0-10 1.98 0-10 1.04 0-&49
0-104 2.06 0 1-03 0-655

Region B I! ~~~clx I _. _ ,1 a

aU auao 2a

0-1084 2,06 2 1-03 0-615
0-12 2-15 1.95 1-07 0558
0-14 2-28 1-87 1'14 0-483
016 2-41 1-80 1-20 0-422
0"18 2"54 1-74 1-27 0-372-
0-20 2166 16"9 1-33 0-33D
0-2 2-77 1"65 1"38 0-296
0"24 2-97 1"61 1-43 0-267
0"_6 2_97 1-"58 1__48 0-242
0-28 3-06 I -55 1 53 0-22D
0-30 3-15 1-52 1-57. 0-202
0-312 3-23 1-50 1,62 0-186
0-34 3-32 1-48 1.06 0-172
0-36 3-40 1-46 1.110 0-16D
0-38 3-49 i1-44 1 -74 0-1418
0-40 3-S"7 1-43 1.78 0-137

iii



23

TABLE 5

Jet Exit VelociAy -- 75.
Stream Velocity

Distance from Radius of jitt Radius of core Half-velocity
jet ex it [line

Region A
CX r, + r,

a _ _a J 2a

0 1 1
090" 1-08 0-93 1-00
0-04 -01 16 0-85 1"00
0-06 1-24 0-78 1"01
0"0K8 1"308 0"70 1"01
0-10 1-40 0-63 1-02
0-12 1 0-54 i 1-01
gO"14 i1" 0-45 1"01
0.16 1 o0-37 1-01
018 1.71 0-28 1-00
0.20 1-79 0-19 0.99
0-22 1-87 0-10 0-98

0-2386 1.94 0 0.97

QIM3 % WnW 3P* Nw. G27711
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